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© Autoregulatfng electrically shielded heater. 

© An autoregulating, electrically shielded heater employs 
a laminated structure having two magnetic alloy permeable 
materials of widely differing Curie point temperatures and 
preferably of differing resistivities. A constant current supply 
is connected across the laminate such that current flows in 
the laminae along parallel paths. Due to skin effect the 
current is confined to a thin region of a first lamina which is 
located between the other lamina end the electrical return 
path. This first lamina has the lower Curie temperature and 
preferably the higher resistivity of the two laminae to 
produce heating proportional to r'R,. When the Curie 
temperature of the first lemina is approached, the current 
spreads Into the other lamina which may have a lower 
resistivity and higher Curie temperature and heating is 
obtained by l 2 R 2 where I 2 is a constant due to the constant 
current source and preferably R f <R 1 . Thus, power is 
reduced and temperature is maintained at or about the Curie 
temperature of the first layer. The high permeability of the 
second lamina prohibits the current from penetrating deeply 
into the second laminae whereby a low frequency power 
supply may be used without radiation of the electro- 
magnetic field. 




FIG. 2 
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AUTOREGULATING ELECTRICALLY SHIELDED HEATER 



The present invention relates to -ajatoregulating electr: 
heaters and more particularly, to electro-magnetic autoregulatii 
electric heaters that are operable with low frequency energy 
sources but which do not radiate harmful electro-magnetic 
fields. 

In the U.S. Patent No. 4,256,945 of Carter and Krumme, 
there j.s described an autoregulating electric heater having 
a laminated structure; one lamina of which has high magnetic 
permeability and high resistance and another lamina of which 
is non-magnetic and has a low resistance' (such as copper) in 
electrical contact, and therefore, thermal contact with the firs 
lamina. This structure is adapted to be connected across 
a constant current, a.c. source such that the layers.- are in 
a sense in parallel across the source. \ : _ V. ' 

- Due to skin effect, _the current is initially confined 

to the high magnetic permeability; high resistance. layer so 

\ ' • • * "2 - 

that P = KR 1 where P .is power, K is I which is a constant, 

and R is the effective resistance of the permeable material. 
The dissipation of power heats the layer until it approaches 
its Curie temperature. The permeability of the lamina decreases 
towards the level of the second layer, copper for" instance, 
at about its Curie temperature. The current is.no longer 
confined to the high resistivity first lamina by the magnetic 
properties of the first lamina, and spreads into the copper layei 
the effective resistance of the structure drops materially. 
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the power consumed, P = KR a where R 3 << R ± , is greatly reduced 

and the heating effect is reduced to a level that maintains th< 
device at or near Curie temperature. The device thus thermall: 
autoregulates over a narrow temperature range about the Curie 
temperature. - 

The current source employed in the aforesaid patent -is 
typically a high frequency source, for instance, 8 to 20 MHz 
to insure that the current is confined to the thin, high resist 
ance, magnetic layer until the Curie temperature of the magnet i 
material is attained. Specifically, the maximum regulation is 
achieved when the thickness of the magnetic layer is of the ore 
of one skin depth at the frequency of operation. Under these 
circumstances, the maximum change in effective resistance of 
the structure is achieved at or about the Curie temperature. 
This fact can be demonstrated "by references to the equation fox 
skin depth in a monolithic, i.e. non-laminar magnetic structure 
S-D. = 5030 J cm where p is the resistivity of the 

material in ohm-cms, y is magnetic permeability and ; is 
frequency of the current.. The field falls off in accordance 
with e k where X = thickness /skin depth.- Accordingly, in 
a monolithic structure, by calculation, - 63.2%" of the current 
is confined to one skin depth in the ; high mu material. In 
the region of the Curie temperature, where y si, -the current 
spreads into a region S.D. =-5030 J cm. If mu was 

originally equal to 400, the skin depth in the region at 
the Curie temperature increases by the square root of 400; 

i.e- the skin depth in the monolithic structure is now 20 

{ . * * 
! times greater than with y = 400. 

I • 

| The same type, of reasoning concerning the skin effect 

| may be applied to the two layer laminar structure in the 
'aforesaid patent. Below the Curie temperature, the majority 
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of the current flows in the magnetic layer when the thickness 
of this layer is nominally one skin depth of the material below 
the Curie temperature. In the region of the Curie temperature, 
the majority of the current now flows in' the copper and the 
resistance drops dramatically. If the thickness of. this high 
mu. material were greater than .two skin depths, for instance, 
with V = 400, the percentage change of current flowing in 
the high conductivity copper would be less and the resistivity 
change would not be as dramatic. Similarly, if the thickness 
of the high mu material were materially less than one skin 
depth, the percentage of current flowing in the high resistivity 
material at a temperature less than the Curie temperature would 
be less so that the change of resistance at the Curie temperature 
would again not be as dramatic. 1 The region of 1.0 -to perhaps 
1.8 skin depths of high mu material is preferred. 

An exact relationship for the two layer case is quite 
complex. The basic mathematical formulas for surface impedance 
from which expressions can be obtained for the ratio of the 
maximum resistance, R^^/ below the Curie temperature, to the 
-minimum resistance, B^n 7 above the Curie temperature,, are 
given in Section 5.19, pp. 298-303 of the standard reference, 
"Fields and Waves in Communications Electronics," 3rd Edition, 
by S. Ramo, J.R. Whinnery, and T. VanDuzer, published by John 
Wiley and Sons, New York, 1965. Although the theory described 
in the above reference is -precise only for the case of flat 
layers, it is still accurate enough for all practical application 
in which the skin depth is substantially less than the radius 
of curvature. * 

The above facts are clearly demonstrated by the. curves 
|| A and B of the graphs of Figure 1 hereof which are based on 
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continuous with the parts lying to the left and right of the 
vertical dashed line being read against the left and right 
scales, respectively. These curves are plots of autoregulation 
power ratio as a function of frequency of the current applied 
to the patented devices. The maximum autoregula'tion power 
ratio is achieved at 0.6 tfHz for a material having a mu of 
600 p x = 75 X 10" 6 and a thickness of 1.5 X 10~ 3 'inch as 
illustrated in Curve B. In this case, one skin depth is 
0.9 X 10~ 3 inch with a peak ratio of 162 occurring at frequency 
of 600 KHz. As indicated above, the thickness of the high 
mu layer is 1.5 X 10~ 3 inch. Thus, the theoretical optimum * 
thickness is 1.67 times one skin depth thickness below the 
Curie temperature. 

The curve A is for a body having a first lamina of a 
thickness of 0.5 X 10~ 3 inch. It is noted that the peak ratio 
of 160 is attained -.at 6 MHz, at .which frequency the skin depth 
in the magnetic material is .29 X.10" 3 inches- 
Difficulty may arise in such devices when the Curie 
temperature is achieved due to spread of the current into adjacent 
regions outside of the device r particularly if the device is 
located close to sensitive electrical' components. 

In copending patent application, S.N. 243, 777 , filed 
March 16, 1981, 1 

there is described 
a mechanism for preventing the high frequency field generated 
in the heated device from radiating into the regions adjacent 
the device. This effect is accomplished by insuring that the 
copper or other material .of high conductivity is sufficiently 
thick, several skin depths at the frequency of the source, 
to prevent such radiation and electrical field activity. This 
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feature is important in many applications of the device such 
as* a soldering iron where, electromagnetic fields may induce 
relatively large currents in sensitive circuit components 
which -may destroy such components. 

As indicated above, the magnetic field in a simple, 
single layer, i.e., monolithic structure, falls off as e~ x 
so that at three skin depths, the field is 4.9% of maximum, 
at five skin depths, it is 0.6%, and at ten skin depths, the 
field is .004% of maximum. For many uses, thicknesses of 
three skin depths are satisfactory although ten or more may 
be required with some highly sensitive devices in the 
vicinity of large heating currents. 

The devices of the patent and applications are operative 
for their intended purposes when connected to a suitable supply, 
but a drawback is the cost of the "high frequency power supply. 
Iffhere only a very low field may be permitted to radiate from 
the device, the frequency of the source is preferably main- 
tained quite high, for instance, in the megahertz region, to 
be able-te employ copper or other non-magnetic material having 
reasonable thicknesses. 

According to the present invention, there is provided 
an element for an autoregulating heating device comprising: 

a laminated structure having at least a first lamina 
and a second lamina, both being a material having a high 
magnetic permeability, 
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said first lamina being of a material having a lower 
Curie temperature than said second lamina, 

said laminae being in electrical contact along their 
adjacent surfaces. • . . 

In accordance with the present invention, a relatively 
low frequency constant current source may be employed as the 
result "of fabricating the normally low resistivity layer 
from a high permeability, high Curie temperature material. 
Thus, the device comprises a high permeability, high resist- 
ivity layer adjacent the current return path and a high 
permeability, preferably low resistivity material remote 
from the return path and having a higher Curie temperature 
than the first mentioned layer. 
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As used herein, the term "high magnetic permeability" j 
refers to materials having permeabilities greater than para- 
magnetic materials, i.e., ferromagnetic materials, although 
initial permeabilities of 100. or more are preferred for most 
applications. 

The theory of operation underlying the present invention 
is that by using a high' permeability, high Curie' temperature 
material as the low resistivity layer, the skin depth of the 
current in this second layer, is such as to confine the current 
to" a quite thin layer even at low frequencies thereby essentially 
insulating the outer surfaces electrically and magnetically 

j 

but not thermally with a low resistivity layer of manageable * 

thickness. The second layer is preferably formed of a low 

resistivity material, but this is not essential. 

An example of a device employing two high mu laminae 

utilizes a layer of Alloy 42 having a resistivity of about 

70-80 micro-ohm-cm, a permeability of about 4 00 

and a Curie temperature of approximately 300 °C. 

A second layer .is formed of carbon steel having a resistivity 

of about 10 micro -ohm-cm, a permeability of 1000, and a Curie : _ 
temperature of about 760°C. The skin depths/ using a 60 Hz 
supply are *.l"*for Alloy 42 and .025" for carbon steel. An 
example of a practical 60 Hz heater based on the present 
invention, may employ a coaxial heater consisting of a -25 
inch diameter cylindrical or tubular copper conductor (the 
••return" conductor), a thin layer (perhaps .002 in thickness) 
of insulation followed by the temperature sensitive magnetic 
alloy having .a permeability of 400 and a thickness of 0*1 inch, 
and finally an outer jacket of steel having a permeability 
of 1000 and a thickness of 0.1 inch. The overall heater diameter 
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would be -65 inch. If the heater is used in a situation requir- 
ing 5 watts per foot of heater length for, for instance, protect! 
of a liquid against freezing , the the total length of the heater 
is 1000 feet, the resistance of- the heater will be 1.96 ohms. 
The current will be 50 amperes, and the voltage at the generator 
end will be 140 volts at temperatures somewhat below the Curie 
temperature of "the -temperature sensitive magnetic alloy on 
the inside of the outer pipe. If there were substantial changes 
in the electrical resistance due to variations of the thermal 
load, the required voltage must vary in order to maintain const an 
current; either of these latter supplies provide current at 
costs fconsiderably less than a constant current supply at 8-20 MK 

The power regulation ratio (AR) in such a device is 
not as high as with the device of the patent, with a resistivity 
difference of about .10:1, but this difference may be readily 
reduced by using materials of higher and lower resistivities 
for the low Curie temperature and high Curie temperature material 
respectively. The low Curie temperature, high resistivity 
materials may be sintered or formed of a compressed powder 
to provide quite high resistance/ and thus large power 
differentials. Also, a high mu, relatively low resistivity 
material such as iron or low carbon steel may be employed to 

further increase the power regulation ratio. 

The te chniq ue of the present- invention will now be described in rore detail 
vdth reference to the accompanying drawings, in isfaicfa:- 

Fig. 1 is a series of graphs illustrating the auto- 
regulating power ratio versus frequency characteristics of 
the apparatus .of the aforesaid patent. 

Fig. 2 is a view in cross section of a soldering iron 
.fabricated in accordance with the present invention. 
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Fig- 3 is a series of graphs illustrating the 
power versus temperature characteristics of the apparatus 
of the present invention in comparison with those of the ■ 
aforesaid patent, and 

. Fig. 4 is a series of graphs illustrating the auto- 
regulating power ratio- versus frequency characteristics of 
the apparatus. ' 



• - ..Referring now specif ically to Fig. 2 of the accompany- 
ing drawings, there is illustrated in cross section, a soldering 
iron tip fabricated in accordance with the present invention. 
The drawing illustrates an inner cone 2 of high permeability, 
high. resistivity, low Curie temperature material, some examples 
— Wh i Ch ' w ^^ heir compositions, permeabilities, resistivities, 
and Curie temperatures are .listed in Table 1 ;below: 

TABLE 1 - 



MATERIAL 

3n.%_2fi. Bal Fe 
36% Ni Bal Fe 
42% Ni Bar Fe 
46% Ni Bal Fe 
52% Ni Bal Fe 
80% Ni Bal Fe 
Kovar 



CURIE POINT 

100°C 

2 79°C"~"* 

325°C 

460 C C 

565°G 

460°C 

4 35"°r — " 



80 X 10 
82 X 10 
71 X 10 
46 X 10 
43 X 10 
58 X 10 
49 X 10 



-6 
-6 
-6 
-6 
-6 
-6 
-6 



EFFECTIVE 
PERMEABILITY 

100-300 

200-400 
+ 
4 

400-1000 
+ 
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An outer cone 4 is formed coaxial with, about, and 
in electrical contact preferably through its entire inner 
surface with the cone 2. The cone 4 is fabricated from a 
high permeability, preferably low resistivity and high Curie 
temperature material, examples .of which are set forth in 
Table 2 below: • • 

TABLE. 2 

EFFECTIVE 

MATERIAL CURIE POINT p PERMEABILITY 

Low Carbon Steel 760 °C 10 X 10~* > 1,000 

. • Cobalt 1120 °C 9.8 X 10 ° > 1,000 

Nickel 353 °C 6.8X10° > 500 

A low resistance, cylindrical rod or tube 6, copper, 
for instance, extends along the axis of the cones 2 and A 
and is insulated therefrom except at the apex of the cones 
vhere it is in direct electrical contact with both cones 
2 and 4. In one form of the invention , the apices of the 
cones 2 and 4 are drilled to a size to snuggly receive a 
small diameter extension B of the rod 6 which extension is suit- 
ably electrically and mechanically secured ( as by swaging 
or welding) in the passage "through the apices of the cones 
2 and 4/ The -extension 8 may terminate flush with the narrow 
end of the outer cone 4 . ■ *■ 

To complete the Figure, a constant current, a.c. 
supply 10 is connected between the center conductor and the 
large diameter ends of the cones 2 and 4 . 

Upon excitation of the supply 10 f alternating current 
flowing in the circuit is confined to the surface of the 
cone 2 adjacent the return .path,, i.e. the rod 6, The power 

dissipated is determined by the equation P = I H 1 where I 

ii • • 

is a constant "K" due to the use of the constant current 
supply 10 and R^ is the resistance of the cone 2 at the frequen 
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of the source. The resistance of the cone 2 is a function 
of the resistivity of the material and also the cross section 
of the cone 2 to which the current is confined by skin effect. 
Specifically, resistance is an inverse function of cross- 
sectional area so that as the cross section of the cone to * 
which the current is confined decreases, as a result of increase 

in skin effect, the higher the resistance of the cone 2.' 

■ 

As previously indicated, the formula for skin depth 



in a monolithic material is S.D. ■ 5030 




cm 



in CGS units, where p is resistivity, u is magnetic permeability 
and i is the frequency of the source. It is quite apparent 
the skin depth decreases with increase in frequency and thus 
the effective resistance increases with frequency. 

In the present invention, power supplies of relatively 
low frequencies, i.e. 60 Hz to 10' KHz may be employed. In 
such a case, the effective cross-sectional area of the current 
path is considerably greater than in the prior art device 
in which frequencies of S-20 MHz are employed. For instance, 
skin depth at 60 Hz of Alloy 42 is 0.1" at a permeability 
-of 400, but is 0.0003" at 8 MHz. . Thus, at 60 Hz, the thickness 
of the Alloy 4 2 layer is larqer and resistance of the optimum 
laminar structure is less than at 8 MHz. High resistivity 
materials are preferably employed for the corie 2 in accordance 
with the present invention in order to provide the high resistance 
below Curie temperature necessary to produce the marked change 
in resistance at the Curie temperature required to produce 
the desired change in heating in accordance with the formula 
P = KH. Specifically, in order to autoregulate* temperature, 
the resistance of the circuit must decrease materially when 
the Curie temperature of the "material of cone 2 is approached. 
A power ratio of say, 6 to 1# provides excellent regulation 
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for roost purposes and for a soldering .iron, ratios of 3 to 
1 are perfectly acceptable for substantially all uses. As 
pointed out in the aforesaid U.S. Patent No. 4,256,945, in 
a solid, i.e., monolithic material, the ratio of resistance 
values at a given frequency is a function of permeability 
and resistivity. 



Thus, R max _ / yumax pmax 

R min y^jnin prain 



Since p does not change appreciably with temperature and y 
falls to 1 at the Curie temperature, a permeability of 400 
would lead to a resistance change in solid alloy 42 of 



\J 400 = 20 The current in a composite", i.e., laminar structure 
is no longer confined to this layer; in fact, a large majority 
of the current flows in the cone * 4' at the Curie temperature. 
Thus, the resistivity of tbe material of the cone 4 becomes 
important and as indicated previously, the resistivity of 
the low carbon steel of the example is 10 X 10~ 6 ohm-cms. 

In operation, when current is initially applied . 
to the apparatus, the current is confined, to the cone 2 which 
.is, in the example" discussed herein, * 0.1". thick; this being 
one skin depth of Alloy 4*2 at 60 *Hz/ «The* device heats until 
the Curie temperature of the material', * about 325°C in the 
example, is approached at which point the permeability decreases 
and the current begins -to spread into the cone 4. The temperature 
of the material of the cone 4 is still well below its Curie 
temperature and most of the current is confined to the cone 
2 and to a few skin depths of the cone 4 at 60 Hz, i.e., approxi- 
mately .025". With the current penetrating into a layer with 
a resistivity of "10 X 10~ 6 ohm-cms, a material drop in resistance 
of the circuit is realized. 
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The curve of Fig. 3 is referred to; this figure being a 
power vs. temperature curve that is of the type illustrated 
in Fig. 3 of the aforesaid U.S. Patent 4,256,945. Graph A 
of Fig. 3 is a plot of Power dissipated (I 2 R) vs. Temperature 
for a uniform, i.e., non-laminar, magnetic conductor. Equation 
1 is applicable, the changes in resistivity being virtually 
none, arid the change in permeability being on the order of 
300 to 1. 

Graph B is a plot for the device of the aforesaid patent. 
In this arrangement, the power dissipation ..below Curie tempera- 
ture is less than in the non-laminar device of Curve A due 
to the fact that some of the current flows iii the copper which 
has a markedly low resistance' than, the magnetic layer. Above 
the Curie temperature. Curve "E dips to a very low value due 
to flow of a majority of the current in the copper. The overall 
change in power dissipated in the device of Curve B is thus 
greater than in the case of the solid magnetic structure. 

Reference is now made to Curve C which is for the device 

■of the present invention. It is seen that below the Curie 

temperature, the power dissipated by the present device is 

less than for Curve A, but more than Curve B since -the 

■/■**. • • - 

resistance. ratios dominate. - There Ts- little resistance change" 

for Curve A, but a large change for Curve B. Above the Curie 
temperature, the permeability ratios dominate and since one 
layer of the present device remains magnetic, permeability 
and resistivity do not change as much as in the other two 
devices and more power is dissipated. Thus, the power dissi- 
pation ratio for the present device is not as great as for 
the monolithic device or for the others. However', the present 
invention has an advantage of size and cost over the -solid 

~ -N 
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conductor device and an advantage of cost over the. patented 
device . 

The relative performance of the patented device and 
that of the present invention is also seen in Curves D & E, 
respectively, which are plotted for "a higher constant current. 

Referring' to Fig. 4 of the accompanying drawings. Curves 
A and B are plots of the autoregulating power ratios for the 
apparatus of the present invention applied against the scales 
as indicated on the curves. It will be noted again that the 
autoregulating ratio of the device of the prior patent .as depicted 
by Curve B of Fig. 1 rises to 160 at 6 MHz with a first layer 
thickness of 0.5 X 10~ 3 inch and copper as the second layer. 
As depicted by Curves B of Fig. 4, with a first layer thickness 
of .10 inch, a ratio of 1.6 is attained at 60 Hz and a ratio 
of 4 at 1000 Hz- A ratio of 4 is attained, as shown in Fig. 
4, Curves B, with a different first layer thickness of .010 
at 180 KHz. These ratios are attained with layers of Alloy 
4 2 and carbon steel as previously indicated. For purposes 
of soldering irons and devices- for uses not requiring precise 
regulation, the ratio of 3:1 to 4:1 is guite ample. 

In order to provide adequate protection against electro- 
magnetic radiation and electrical short circuit or drain, in 
those instances where such protection is required, the thicknes „ 
of the cone -4 must be at .least several times the skin depth. 
At a frequency of 60 Hz, the cone 2 may be .10" and the cone 4 
may be 4 X .025; the factor .025 being approximately skin depth 
multiplied by 4 to prevent consequential electromagnetic radia- 
tion and current leakage to the surface of cone 4 . In an annular 
device, all transverse dimensions are multiplied by two, so 
thicknesses apart from the .25" diameter center rod are 
2 (.10 + 4 X .025) - 0.40". With the center rod added, thickness 



0107927 

is (.400 + -25) = .65. As previously indicated, at 8500 Hz, 
the diameter of the device would be 0.24" and increasingly 
less at higher frequencies. 

It should be noted that the calculations set forth 
in the examples above^, are based on the use of Alloy 42 with 

-6 

a permeability*- of about 400 and resistivity of about 70 X 10 
ohm-cms and carbon steel- with a permeability of about 100O 
and resistivity of about 10 X 10" 6 ohm-cms. The use of these 
materials has been chosen for the example since they are 
readily available- Other combinations of materials of Tables 
I and II may be employed. 

The use of the devices of the present invention 
permits the use of low "frequency sources without radiation 
of harmful electromagnetic energy even in units with small 
dimensions. The result is achieved by empldying high permeabilit 
materials for both the low and high resistivity layers.* It 
should be noted that the permeabilities and/or the resistivities 
of the two layers may be the same; the major requirement being 
that the outer .laminate material has a higher Curie temperature 
than the inner laminate material.* 

Although the invention is disclosed as .employed 
in a soldering iron, it is obviously use f nl . in. many fields 
where low cost, well-regulated heating is desired, such as 
scalpels, devices for aircraft, etc. The device may be cylindri- 
cal such as in Fig, 1 of the aforesaid patent in which case 
the" position of the lamina is reversed, i.e., the lower Curie 
point material surrounds the higher Curie point material. 
Also', the device may be flat as in a scalpel or an elongated 
heating element for heating pipes. 

The present invention is ^illustrated as being applied 
to a soldering iron, but is not intended to be so limited. 
The invention is aodicable to any device in which autoregula- 
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The present invention is not intended to be limited 
to use with laminated structures only. Two non-laminated members 
in electrical contact will function in the present invention; 
the uniformity and extent of electrical -contact determining- 
the actual performance of such .a device. ' 

The frequency, of the supply utilized herein is not 
restricted to a specific range of frequencies. Properly propor- 
tioned devices are useful throughout the frequency range 
50 Hz to 15 MHz. The majority of uses, however, do not require 
power supply frequencies above 1000 to 5000 Hz. 
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CLAIVS:- 

1. An element for an autoregulating heating device 
comprising: 

a laminated structure having at least a first 
lamina and a second lamina, both being a material having 
a high magnetic permeability, 

said first lamina being of a material having 
a lower Curie temperature than said second lamina, 

said laminae being in electrical contact along 
their adjacent surfaces. 

- - - - 2. The element- according to claim 1 wherein the 
resistivity of said first lamina is in the range of two to 
ten times th*e resistivity of said second lamina. 

3. The element according to claim 1 or claim 2 
wherein one of said laminae surrounds the other of said laminae. 

4. An autoregulating heating device .including the 
element of claim 1 or claim 2 and comprising: 

a constant current alternating current source, 
said element adapted to be connected across 
said source such that the current paths through said laminae 
are in parallel and parallel to the interface between said 
laminae. 

5. The element according to claim A wherein said 
source operates at a frequency of at least 50 Hz. 

6. A soldering iron having a heating element including 
the element of claim 1 wherein: 

said first lamina is a hollow cylindrical member, 
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said second lamina is a hollow cylindrical member 
coaxial with and having an inner surface surrounding said 
first lamina and in electrical contact therewith, and 

a conductive member extending coaxial of and 
within said first lamina, 

one end of said conductive rod in electrical 
contact with said laminae at one and the same end of said 
cylinders. 

7. The device according to claim 6 further comprising: 
a constant current source connected across said 

rod and said element remote from said one end of said rod. 

8. A structure comprising: 

a first* member of a- material having a high magnetic 

M 

permeability, 

. . . a second member of a material having a high 
magnetic permeability, 

said first member having a lower Curie point 
than said second member,* " 

said members contacting one another over a coexten- 
sive length of each, and ** ."•*'*" 
- • v * . said. members .adapted- to have an alternating , 
constant current source connected across a coextensive length 
of said member to induce parallel flow currents therein. 

9. An autoregulating heating device including the 
structure of claim 8 and further including , « 

r- 

an alternating current, constant current source 
of a frequency in a ranoe of approximately 50 Hz and higher, 

•means connecting said source across said lengths 
of said members. 
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10. The method of autoregulating the temperature 
of a heater of small size at low frequencies comprising the 
steps of 

providing a laminated structure having at least 
first and second layers of high magnetic permeability material 
having different Curie temperatures, and. 

applying. a constant current alternating current 
across the laminated structure to cause current to flow in 
parallel in the laminae. 

11. The element according to . claim 1 or claim 6 wherein 
said second lamina has a thickness equal to at least three 
skin depths in said second lamina at operating frequency of 
said element. 

12. The element according to claim 4 wherein said second 
lamina has a thickness equal to at least three skin depths 

in said second lamina at operating frequency of said element. 
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